-1- Electroplating conposition intended for coating a surface of a

. substrate with a netal The present invention relates in general to an

el ectropl ati ng conposition intended for coating a 5 surface of a substrate
wi th copper, especially a surface consisting of an electrically resistive
material, in particular for the coatinglof a copper- diffusion barrier

| ayer. 10 The invention is especially applicable in the field of
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contact witHa"Friard tHatPTomtSHhRT pfecurst? sCorting 26t sai FarRadiic or

or ganonet al | dtffoatomdghaspias 19y&6rm the said coating. Wen the substrate
is an electrical conductor, the electroplating is for exanple carried out
by passing a current between the substrate to be coated which constitutes
an el eclPodeTe hencanhbde in IGpce addse afphicabhd | i aheorfdananeisl | ic
coating) andy r ( ) bat-h cantaining.a source
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deposi t, resistivitgy.etc. , optionally )
connect 1n pfrinted circdits (called printed circuit

15  ©boards or printed wire boards) or for the fabrication
of passive elements, such as inductors, or in the
electromechanical field in integrated circuits or in

microsystems (called microelectromechanical systems) .

20 The term “electroplating” is understood here to mean a
method of covering a surface of a substrate with a
metallic or organometallic coating, in which the
substrate is electrically biased and brought into
contact with a liguid that contains precursors of the

25 said metallic or organometallic coating, so as to form
the said coating. When the substrate is an electrical
conductor, the electroplating is for example carried
out by passing a current between the substrate to be
coated which constitutes an electrode (the cathode in

30 the case of a metallic or organometallic coating) and a
second electrode (the anode) in a bath containing a
source of precursors of the coating material (for
example metal ions in the case of a metallic coating)
and optionally various agents intended to improve the

- 35 properties of the formed coating (uniformity and
fineness of the deposit, resistivity, etc.), optionally
with a reference electrode being present. By inter-
national ‘convention, the current flowing through and

the voltage applied to the substrate of interest, that



with a reference el ectrode bei ng present. By inter- national convention,

{ . the current flowi ng through and the voltage applied to the substrate of

interest, that 2- is to say the cathode of the electrochem cal circuit,

are negative. Throughout this text, when these currents and voltages are
mentioned wth a positive value, it is-2iaplicit that this value represents
the absolute value 5 of the said current or the said voltage. Copper
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15 Dbe a major cause of failure, makes it in particular a

cause

material -of <choice for the fabrication of metal
interconnects for integrated circuits of increasingly
smaller etched features.

20 Integrated circuits are generally fabricated by forming
active semiconductor devices, especially transistors,
on the surface of silicon wafers, the said
semiconductor devices being connected together by a
system of metal interconnects consisting of “lines” and

25 “contacts”, also called “vias”, placed in superimposed
levels and obtained by respectively filling “trenches”
and “wells” also called ‘“interconnection holes”, made
in the dielectric layers.

30 Since copper is difficult to etch and has a high
diffusivity in many materials, the interconnects are
generally produced by a sequence of steps comprising:

- deposition of an insulating dielectric layer;

-~ etching of the interconnect features in the

35 said dielectric layer;

- deposition of a barrier layer (generally made
of tantalum, titanium nitride, tantalum nitride,
tungsten nitride or tungsten carbide, for example) used
to prevent copper migration; |



35 said dielectric layer; - deposition of a barrier layer (generally nade

. of tantalum titaniumnitride, tantalumnitride, tungsten nitride or
tungsten carbide, for exanple) used to prevent copper mgration; 3-
filling of the lines and interconnection holes wth copper; and - renoval
of the excess copper by chem cal nechamnical polishing. 5 This sequence of
steps is known by the nane "Damascene process", whi ch has been descri bed
for exanple by C ¥. fChhiggand $Hd Breed Unbl TeckaebagyctiMeGrayrdd |1, New
York, (1996) 19&988 ééé 4455 10 The barrier |ayer generally has too hlgh a
resi stance or coh% Fofo be el ectrochem cal ly deposited honpbgeneously or
uniformy at the mafé@mgtade ofin téfd ecéxkamon topphosebski |dtedniaal he art

by the termuds-hohm g1 dh9pisnilg, hi gh resistance of the barrier |ayer
results both fromthe high resistivity of its constituent materials
(general Py nmetal nitrides) and fromits small thickness (generally froma
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generation), which ;hlcggess is inmposed by the small size o
i nt er connectPTEATUT es. "EORBeGAENISET | {eF ST Herdr BPT y HRERSSaky, prior to
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000 ootr Ao BNt (B LD Taver bl retal [T copper, calTed a
producedOby vapor phase deposition techni ques such as PVD (physical vapor
deDOS't'On)T%e(%@&QEQﬁnh%yeﬁﬁﬁgﬂeréﬁﬁgeﬂgg'wa%ﬂhlgh a resistance
for copper to be electrochemically deposited
homogeneously or uniformly at the wafer scale, an
effect known to those skilled in the art by the term
15 “ohmic drop”. The high resistance of the barrier laver
results both from the high resistivity of its
constituent materials (generally metal nitrides) and
from its small thickness (generally from a few nm to a
few tens of nm, depending on the integrated circuit
20 generation), which thickness is imposed by the small

size of the interconnect features.

Consequently, it 1s generally necessary, prior to the

copper electroplating step, to cover the barrier layer
25 - using a non-electrochemical method - with a thin

layer of metallic copper, called a seed layer. This

seed layer, like the barrier layer, 1is currently

produced by vapor phase deposition techniques such as

PVD (physical vapor deposition) or CVD (chemical vapor
30 deposition).

Owing to the critical dimensions of the lines and
interconnection holes of current integrated circuits,
and their trend towards ever smaller dimensions, the

35 thickness of the copper seed layers at the present time
is around 30 nm and should rapidly move towards 10 nm
or less.

CVD deposition produces a conformal copper layer, that



Oning to the critical dinensions of the lines and interconnection holes of
. current integrated circuits, and their trend towards ever smaller

di mensions, the 35 thickness of the copper seed |layers at the present tine
is around 30 rimand should rapidly nove towards 10 rim or |ess. CVD
deposition produces a conformal copper-HKayer, that 4- is to say one that
accurately matches the topography of the surface to be coated, and does so
for a w de rafgeo 6@Ya9pecthaataagurhawewemaﬂdh&sadﬁESImwpdgrdﬂﬁy @i f f usi on
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proporti onal to r‘chhe sgqud&gnglrlgtesre%% ‘?‘%%Fﬁthe surface to be coated.
Consequéﬁtly, t hose portions of 25 the surface having salient angl es are
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re-entrant angles. _ As a result, the co seed Tayer
vapor deposidionr8tetA¥ELEofPBIgREive because of the high cost of

the consumables (the precursors), of the equipment
needed to implement them and their low efficiency.
15
PVD deposition 1s presently preferred from the
industrial standpoint because it allows surfaces having
a high resistance to be coated with better adhesion of
the copper to the barrier than obtained with CVD
20 processes,

The thickness of the coating deposited by PVD is
directly proportional to the solid angle seen from the
surface to be coated. Consequently, those portions of
25 the surface having salient angles are covered with a
‘thicker layer than those portions of the surface having
re-entrant angles. As a result, the copper seed lavers
formed by physical vapor deposition are not conformal,
and therefore do not have a uniform thickness at every
30 point on the surface of the substrate. In particular,
shadow or overhang effects are observed at the sharp
edges of trenches or vias, up to the point of
Obstructing thelr apertures and then making it
impossible to £i11l them. Moreover, the sidewalls of the
35 trenches and vias may be covered with an insufficient
thickness of the sgeed layer, which then results in
imperfect subsequent filling, missing material or
voids. In addition, the seed layer produced on the
.sidewalls of the features exhibits by nature an



and therefore do not have a uniformthickness at every 30 point on the
surface of the substrate. In particular, shadow or overhang effects are
observed at the sharp edges of trenches or vias, up to the point of
obstructing their apertures and then making it inpossible to fill them
Moreover, the sidewalls of the 35 trenelBes and vias may be covered with an
insufficient thickness of the seed |ayer, which then results in inperfect
subsequent f@qﬂlleﬁgonmtbgltngilrﬁ&@s afron theicdsledos iadkdi t onon tHeheflsped | ayer
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nanoneters) and, V. Q&J{u rdPr-aspect ratios. In this context, the
el ectroplating te n| gue présented here constitutes an advant ageous

al ternatifve to chem cal vapor deposition or physical vapor deposition 20
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current to thisch very small dimensions of the trenches and vias {of
the order of a few tens of nanometers) and very high
15 aspect ratios.

In this context, the electroplating technigque presented
here constitutes an advantageous alternative to
chemical vapor deposition or physical vapor deposition

20 processes, and to the more conventional metal
electroplating techniques, which cannot be implemented
on resistive substrates.

This is because conventional electroplating, which

25 consists in applying in general a DC current to the
substrate immersed in a bath containing metal ions, can
be applied only to surfaces that are sufficiently
conducting, that 1is to say typically having a sheet
resistance of less than about a few chms/sguare, which

30 is not the case for the layers forming a copper-
diffusion barrier in the most advanced technologies,
the sheet resistance of which is commonly a few tens of
ohms/square to several hundred ohms/square and may be
several tens of thousands of ohms/square.

35
Sheet resistance is a guantity used by those gkilled in
the art for measuring electrical resistancé of thin
films or layers. It is expressed in ohms/square and is

equivalent to the resistivity for a two-dimensional



substrate inmmrersed in a bath containing netal ions, can be applied only to
. surfaces that are sufficiently conducting, that is to say typically having
a sheet resistance of |ess than about a few ohns/square, which 30 is not
the case for the layers formng a copper- diffusion barrier in the nost
advanced technol ogi es, the sheet resistance of which is cotmmonly a few
tens of ohns/square to several hundred ohns/square and nay be several
tens of thousmsdsmpf thhns/isues esads ohkeein I’ﬁl&j_@ltlalﬁﬁ@ i guantidys used by
t hose skille ine he rt for uri electrl reS|stance of_ thin
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(expressed in mor n e present "tine, conventional
copper el ect FEHPERTH 313@ msow’lﬁyyoﬁséﬂlfﬁolaffﬁﬂl ng the trenches and wells
in the damascene process by applying a DC current to a wafer covered
bef or ehand th a seed layver .and imersed in an acid copper sul phate bath

cont ai ni ng addi t1V eSS s CHPGe e SOTFEFHOMRIN F MRS rBHHTCRIAF W |'s wit h
15 net alllli ¢ Toppeiniy dessii bed ﬁhﬂjexgﬁptﬁebyxamﬁﬂmhﬁr@ndeweans,i

" Copper net r f mance i con_t.echnol o Ann. Rev.
Mat er . Sci a,h%% Eh%gce%fzgﬁ%gcg% %1%?’ %oﬁpePEelce“brﬁ afPnd on a
copper seed Waa@%l? C@P‘éﬁirﬁll beﬁgreh@ndhwsthnd welelds lkysralaswl beeremsstri bed
in Patent US:6 893 228G | 85050PT AL8EHAREIL Y containing additives.

This process for filling the trenches and wells with
15 metallic copper is described for example by Rosenberg

et al., in “Copper metallization for high performance
silicon technology”, Ann. Rev. Mater. Sci (2000), 30,
229-62. |

20 The use of copper electroplating on a copper seed layer
for filling trenches and wells has also been described

in Patent US 6 893 550 incorporated herein by
reference.

25 The electroplating method described in document
" US 6 B93 550 is essentially characterized:

- on the one hand, in that it makes use of an
electroplating bath whose specific chemical composition
comprises at least one acid, preferably sulphuric acid,

30 at least one halide ion, preferably chloride, and a
combination of chemical agents capable of accelerating
or suppressing formation of the coating; and

- on the other hand, in that it consists in
modifying the density of the current applied in

35 predetermined sequences.

Copper electroplating has also been recommended, for
example in Patent US 6 811 675, for filling any voids
in the seed layer or for repairing this Jlayer (seed



reference. 25 The el ectropl ating nethod described in docunment US 6 893 550
. Is essentially characterized: - on the one hand, in that it nmakes use of an
el ectropl ati ng bath whose specific chem cal conposition conprises at |east
one acid, preferably sul phuric acid, 30 at |east one halide ion, preferably
chloride, and a conbination of chem calf agents capabl e of accelerating or
suppressing formation of the coating; and - on the other hand, in that it
consi sts in reapaifybngséde denmshéymert)he current applied in 35

predeterm n seguences._ Copper .el ectropl ati ng has_al so been recaonmended,
for exanpl gﬂlln atpeﬁn?&fﬂg%&)m l,mefrb1$ ?#?%‘%HQO%% Voi ds?1S n B seed

| ayer or fordeepeent ngat fisskapery seedarriedpait, oprefedabilangenent). | n
apreferredﬁlﬁp@' nt =&gos__cri ..t his_priar _ dogumen first step is
carried out, pr e%l“eérrﬁzéalblv y a‘ﬁg%fsﬁ%&éﬂm vgpgrcgégposrlfli o‘ﬁﬁfb?%ce%s,ncfrh— whi ch a
non 5 unif orliﬂﬁ'-l'iﬁPlfmat“ﬁ%ﬁra(chﬁ'nékn@ﬁsl@n@ﬁou@fZ@hw)t coppen) seabdmyer is
deposi t ed anskdhenalBra;secnithaion thea £ABRONIR!L T ¥eRbnbg Y aid o

i mproved by el ectroplating using an al kaline eJ1ectrop atrng sol ution (the
pH of  whi cFeREYrRat &Y t Hhntobs géﬁ?ﬁi ABndrespYed S pHRST @ 1B iawpper

conpl exi ng agenig pheferiadl n€i Wliceradatang optionsh! y(dyipracid in
order to inprove the brlght ness of the coating and/ or anmoni um sul phate

for reduci NP IHE EsPERATREY WO MY Ot HP A% e CORPRENSUIRERS Ry Sppl i ed
during éPectecagpet i mgmpd dydhaeeagend, 1 ppdfadasmd ZimdienRacid, i sardaqdi cat ed

used to prodies e BBl aGl ® & “Th EBhassithi [ HETEP Lo IR
i |l ustrat ed Wstgynesanpf ethed doatdpeaasd it apmbeium sulphate for
reducing the resistivity of the coating. The current
density applied during electroplating is between
15 1 mA/cm® and 5 mA/cm?.

It is indicated in the above prior document that this
electroplating process may also be used to produce a
copper seed layer, but this possibility is not

20 illustrated by any example and it appears not to be
easily achievable owing to the high current densities
mentioned in that document.

In this situation, the object of the present invention
25 is to solve a new technical problem, namely of how to
provide a novel electroplating composition which makes
it possible in particular to produce continuocus and
conformal copper seed layers having a thickness of the
order of 10 nm or less and exhibiting excellent
30 adhesion to diffusion barriers that may have a high

surface resistance of up to a few megohms/square.

The solution according to the present invention for
solving this technical problem consists of an

35 electroplating composition intended in particular for
coating a copper-diffusion ©barrier layer in the
fabrication of interconnects for integrated circuits,
characterized in that it comprises, in solution in a
solvent:



easily achievable owing to the high current densities nentioned in that
docunent. In this situation, the object of the present invention 25 is to
solve a new technical, problem nanely of howto provide a novel

el ectropl ati ng conposition which nmakes it possible in particular to
produce continuous and conformal coppeg seed | ayers having a thickness of
the order of 10 nmor |ess and exhibiting excellent 30 adhesion to

di ffusion barriers t@asoﬂweh@\fec% G i face hedionl-ante@hiowp 40 a few
nmegohns/ squ The qut a cor gggto t he present invention for
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tion
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| east one copper g agent  chosen roup conprisi‘ng
primary aI|pm%@m%ﬁ%ﬁnﬁm%ﬂesse@bﬁﬂag@nam$©$a@¢EChﬁ$n@Bd oeimeary aliphatic
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copper/coaneXJng agent(s) etween 0

preferably HREWVEEND @tﬁeﬁﬁdoiﬁ)ﬁﬁ@ 2afd P 559 13f PeeweeR dOcdnss ti on
bei ng | e8s ttha, amdpreferably between 3.5 and 6.5. It has been di scovered,
and this constitutes_.the ﬁa5|s resent |nvent|o t hat a nunber

of copper conpl exi ng t?fcﬁﬁﬁm%ﬁ%é) ?%%%Fl%ﬁe RiPFod&FSattdi™ used i n
aci d nedium7¢ipneﬂerabﬂyxheEWe@np}lbfaméss 5than 7, provide particularly
r emar kabl e copper
It has been discovered, and this constitutes the basis
15 of the present invention, that a number of copper
complexing agents containing at least one nitrogen atom
used in acid medium, that is to say at a pH of less
than 7, provide particularly remarkable copper
electroplating compositions that can be used for the
20 fabrication of continuous and conformal copper seed
layers directly on diffusion barrier surfaces such as
those employed in the fabrication of integrated circuit
interconnects.

25 This discovery is all the more surprising as a person
skilled in the art knows that . compounds containing a
nitrogen atom, in particular amines, may be protonated
in acidic medium, thus losing their capability of
forming complexes with copper. Very surprisingly it has

30 thus been found that copper is deposited on a barrier
layver much more satisfactorily in acid medium in which
the proportion of complexed copper is a priori lower

than in basic medium, as recommended in the prior art.

35 The copper Complexing agents_that can be used within
the context of the present . invention may be chosen
from:

- primary aliphatic amines, in particular

ethylamine, cyclohexylamine, ethylenediamine and



el’ectropl ati ng conpositions that can be used for the 20 fabrication of

. continuous and conformal copper seed |ayers directly on diffusion barrier
surfaces such as those enployed in the fabrication of integrated circuit
i nterconnects. 25 This discovery is all the nore surprising as a person
skilled in the art knows that conpoundsgcontaining a nitrogen atom in
particul ar am nes, may be protonated in acidic nmedium thus losing their
capability ofyciohekagecospiexes W th copper. Very surprisingly it has 30
t hus been found that co i s depg ed on _a.barrier, layer nmuch nore
satisfactorily in acPd® ﬁgﬁ?ﬁ %Wﬁ? ‘fheaHP@§§rt|oﬁ of REGiph copper

is a priori pyweolidima;in baS|c medi um as reconmended in the prior art.

35 The copper conple n nts an be_used mnthln t he context of the
present invention naéé% seﬁaiﬁé% % grlﬁ%ny %?Iphd% ic é%%ne% UGt
particul &r @Y@@¢%M$ﬁeyl@yetbhb&@ieﬁ1aed eehyaenbﬁﬂanepenaamlﬂe,

cycl ohexanedi am ne; s.-sggppdary aliphatic anines, ﬂdﬁé¥gﬁ%§ylarj.2

pyrrolidine; - tertiary aliphatic amnés, in particular
hydr oxyet hyl @ @pHgPasmaenandides r hedpeehebani AifRe: - aromatic amines, in

particular 1,2- manﬂzﬂ@b@@éﬁ”%e@%@o@:y@‘l@smtm| %B_'rlt'l@%lla@" thoge ne,
het erocycl es | ar i di ne, i di he, hy droxyqflnollne
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sul phonat e, 1Y bh h%ﬁthr T?¥@F°¥V%uﬁ?ﬂ%%%?lp@?1Qﬁ?%ﬁ%% '
bipyriMMMruphemEhthnalﬁﬁé in papttimbahyvdopetidyhel yoxiami | n peneral, the
ni trogen heq;gﬁf f% Qatag nstitute 15 one of the preferred cl asses of
conpl exi ng ag tan e used within the context of the present

i nventi on - ox1mes in particular dimethylglyoxime.

In general, the nitrogen heterocycles that constitute

15 one of the preferred classes of complexing agents that
can be used within the context of the present invention
may be defined as monocyclic or polycyclic compounds,
whether fused or not, having 1 to 8 nitrogen atoms,
each ring of which contains 5 to 6 members and may or

20 may not be substituted with 1 to 8 atoms or groups of
atoms chosen from halogens, hydroxyl and alkyl groups
having from 1 to 6 carbon atoms.

The electroplating composition according to the
25 1invention may include one or more complexing agents.

It has been found that excellent results can be
obtained with complexing agents capable of being
adsorbed on a metal surface, resulting in ordered

30 layers. Such agents, which constitute the copper
complexing agents currently preferred according to the
invention, are especially pyridine, 2,2’-bipyridine and
the mixtures thereof, in particular mixtures in which
the molar ratio between pyridine and 2,2'-bipyridine

35 lies between 5:1 and 1:5, preferably between 3:1 and
1:1 and more preferably about 2:1.

Although in principle there is no restriction on the

nature of the solvent (provided that it dissolves the



may be defined as nonocyclic or polycyclic conpounds, whether fused or
_not, having 1 to 8 nitrogen atons, each ring of which contains 5 to 6
menbers and may or 20 nay not be substituted with 1 to 8 atons or groups of
atons chosen from hal ogens, hydroxyl and al kyl groups having from1l to 6
carbon atons. The el ectroplating conposig¢ion according to the 25 invention
may i nclude one or nore conplexing agents. It has been found that excellent

resul ts can detiobt aigred o4 t Hf cem egbmgt@gﬁntﬁm@@rﬁ:w BalNHo&lsor bed
on a netal surface, re uIt|“g£:n ordered 30 Ia ers. ?uch agents, which
thg

constitute the'coppert T ol enf eEEFP@ BEYEY ef ePREAT actBr di ng t o
the inventilydreakcespkicasdupyon dvhel BeZbrbfgyredine and the m xtures
thereof, in particular mxtures in which the nolar ratio between pyridine
and 2, 2" - bi pyridine 35 lies between 5:1 and 1:5, preferably between 3:1 and
1:1 and for elpreeeendly aheuelzctroplilidngh domppsiitdion eddrerdnies o

restriction gpet r].%véoi'?:t '-Hr']e £ QhctiNgegol xent (L V'o%edgbggter' t 91{@30' Mes the

-10- active species solutlon sufficiently an [nterfere
with the eIé%%?%b¢%%@ﬁg§upmb@efc@r alomgdr oal coholic solution will be
preferred. 5 In general, the electroplating conposition according to the
i nvention |n‘%udes a so ce of copper ions, in particular cupric (Cu2+)

i ons. Advant’d ‘é%‘é?%?eo‘tl sohf€e SFULSGhpet FSE?Qer Peopher @ 1FPRRA% such
as in padti sdBbr copper asul @hatpar@@@p@ar cobppéde, sE€DpRete Ni tdAdweor
copper acet er copper..sul phate. According to one. part.icul ar
feature, thgékglouf%géof Cogéejé gtralt(?nscp scﬁp%‘glénfac\ﬁtla%ien e opl at i ng
conp05|t|onq@n@ea.@@Mmhaﬂeatlon of between 0.4 and 40nM preferably of
between 0.4 and 18 mM and nore

According to one particular feature, the source of

15 copper ions 1is present within the electroplating

composition with a concentration of between 0.4 and

40mM, preferably of between 0.4 and 18 mM and more

preferably of between 0.4 and 15 mM.

20 Excellent results have been obtained with compositions
in which the source of copper ions is present with a
concentration of between 0.5 and 4 mM.

The copper ion source/copper complexing agent(s) molar

25 ratio in the electroplating composition according to
the invention is between 0.1 and 2.5, preferably
between 0.3 and 1.3.

In general, the electroplating composition according to
30 the invention has a pH of less than 7, preferably
between 3.5 and 6.5.

The pH of the composition may optionally be adjusted
within the aforementioned pH range by means of a

35 Dbuffer, such as one of those described in “Handbook of
Chemistry and Physics”, 84th edition, David R. Lide,
CRC Press.

A currently  preferred electroplating composition



preferably of between 0.4 and 15 nM 20 Excellent results have been
obtained with conpositions in which the source of copper ions is present
with a concentration of between 0.5 and 4 mMM The copper ion source/copper
conpl exi ng agent(s) nolar 25 ratio in the electroplating conposition
according to the invention is between{.1 and 2.5, preferably between 0.3
and 1.3. In general, the electroplating conposition according to 30 the

i nvention haéscceomiﬁ | ess than Anpdefenabl ¥yomPeiyeen 318 angdnfadng The pH
of the conp05|£ on_ nay optionally be adjusted wthin the aforenenti oned pH

range by meahs Of A 35 ‘buffer, such as one of those described in "Handbook
of Chem stry and Physomses Séhhpﬁdaittei,on,wi)aui dzR ddfi€ent£REIBhesor A
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and 2,2'-bipyridine as copper exi ng agent’s npl exi ng
agents nDIaﬂ@ﬁﬂ@RJQﬁﬂﬁkﬁxkﬁﬁvﬁﬁﬁﬂtBB and 1.3; and 10 - the pH of the said
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el ectropl ati ‘%Efo 05|t|ons according to'the i1nvention nmay be enployed in
a standard & $5hI Bt ﬁHl 15- hiet#HSd t hat i ncl udes bringing the surface of

a substtate, Such— asche PRI bECHhar ,sdite Hahpdeltldyebeipgeuerlkl Rhaappper

?Lgfu5|on,|7ﬂ pre eré%lﬁmﬁékween ?§t£§Qe£9§!t'°” conposition according to

The electroplating compositions according to the
invention may be employed in a standard electroplating

15 method that includes bringing the surface of a
substrate, such as in particular, the barrier layer
preventing copper diffusion, into contact with an
electrodeposition composition according to the
invention and a step in which a coating is formed on

20 said surface of the substrate during which the said
surface is biased for a time long enough to form the
said coating.

Embodiments involving more specific potential or

25 current protocols may be preferred when it is desired
for the coatings to have particular specifications, and
especially coatings that are thin (with a thickness of
less than 20 nm, and preferably less than 10 nm),
adherent, conformal and uniform.

30
Surprisingly, it has been observed that excellent
results in this regard may be obtained using the
electroplating composition according to the invention
by controlling, during the electroplating process, the

35 conditions under which the surface to be coated is
brought into contact with the said electroplating
composition (or bath) prior to formation of the coating
and the conditions under which this surface is removed

from the said electroplating composition = after



invention and a step in which a coating is formed on 20 said surface of the
substrate during which the said surface is biased for a tine | ong enough
to formthe said coating. Enbodinments involving nore specific potential or
25 current protocols may be preferred when it is desired for the coatings
to have particul ar specifications, andi®especially coatings that are thin
(with a thickness of |ess than 20 nm and preferably I ess than 10 nm,

adherent, cofdofiawelornss whd akdar By Surprisingly, it has been observed that
excellent results in this regard may be obtained using the electroplating
conposition according to the invention by controlling, during the

el ectropl atihy pescésssn t bbsdbveandidiions undepevhieahyt hecrsn f aee its0 be

coated is into _cqntact with the said.electroplatin cqQnposi tion
(or bath) p?ﬁg%r {ol%'or rra"’flﬂ%ln of e é’ﬁ‘?%enctd‘r?dletie @&%?ﬁ’m r whi ch
t hi s surPacecomposhvivans, f rom timpsare allect rajileatdmge cdngposidd orctaf t er
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conposi t i onsL3XH§HpkaNRr thie huheeingethet aesharke toopgecaedad rigiticayer
produced by ebhecddOphaldg A W& AT A dRY Voo M NG,ildiR3ur f ace

to be coated into cqgntact_wth the el ectroplating conposition wthout

bei ng under ¥FEH r FEEEThi AkSCERLER ] s Rigsay thethott £O | PpBsivHEheRtel ectri ¢
current10r elmmigigy peirentdlalctried atduwserdrtr a GOURNIIERILEE r edf- Oicilal ati ve
to a reference el ectrode on this surfac ior toth el ectropl ating

step. 15 An even note SsubstantioArSSHSISRTSRS i P3 higei‘aﬁé?’@ncéo h&s been
observed whereftdrermea f adeecifrdde substtutatse twoirface, prior to the

electroplating step.

15 An even more substantial improvement in this adherence
has been observed when the surface of the substrate to
be coated is kept in contact with the electroplating
composition for a period of at least 5 seconds after
this contacting step and still prioxr to the

20 electroplating step.

Tt has been found that the improvement in the adherence
of the seed layer to the barrier layer makes it
possible, surprisingly, to improve the adhegion of the

25 “seed layer/fill layer or thick copper or thick layer”
assembly, that is to say the “operational” adhesion of
the assembly for which the seed layer is produced.

In general, it is difficult for the adhesion of a
30 single seed layer to be measured directly, especially
owing to its small thickness, but the results obtained
have shown that the adhesion of the sgeed layers
produced according to the present invention 1is
obviously very high. The energy of adhesion of the
35 “seed layer/fill layer or thick copper or thick layer”
assembly to the barrier layer, which energy is the
operational property of interest that it is actually to
be optimized, is easier and more useful to determine.

For example, this adhesion may be determined by peeling



bé coated is kept in contact with the electroplating conposition for a
period of at |least 5 seconds after this contacting step and still prior to
the 20 electroplating step. It has been found that the inprovenent in the
adherence of the seed layer to the barrier |layer makes it possible,
surprisingly, to inprove the adhesion ofzthe 25 "seed | ayer/fi 'l layer or
thick copper or thick layer” assenbly, that is to say the "operational™

adhesi on of ar hadasserbl ycdios W@;In@_lédt heo seed I@g@érl suHedecedrs lghegeneral ,
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of the copper/barrier |nterfa
filling” will thus be used interchangeably.

15 It has also been observed, surprisingly, that it is
possible to obtain a seed layer having a conductivity
compatible with conventional electroplating filling
methods, while keeping the coated surface under
electrical bias, preferably for a time of between 1 and

20 10 seconds, preferably from a time of between 1 and
5 seconds, after its removal from the electroplating
composition.

Thus, the electroplating compositions according to the
25 invention will preferably be used in an electroplating
method comprising:

- a step referred to as “cold entry” during which
the said surface to be coated is brought into contact
with an electroplating bath while the said surface is

30 not under electrical bias, and preferably maintained in
this state for a time of at least 5 seconds, preferably
between 10 and 60 seconds and more preferably about 10
to 30 seconds;

- a step of forming the coating during which the

35 said surface is biased for a time long enough to form
the said coating; and ,

- a step referred to as ‘“hot exit” during which
the said surface is separated from the electroplating
bath while it is still under electrical bias.



filling" will thus be used interchangeably. 15 It has al so been observed,
surprisingly, that it is possible to obtain a seed |ayer having a
conductivity conpatible with conventional electroplating filling nethods,
whi | e keeping the coated surface under electrical bias, preferably for a
time of between 1 and 20 10 seconds, prieferably froma tinme of between 1
and 5 seconds, after its renoval fromthe el ectroplating conposition.

Thus, the elqe?:cé r@ﬁ@inm&pms&tt@@§daéﬁgfgp ngtéﬁ bhe a25Snbrverticon wil |
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30 not under al hi and rably maintained in this state for
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skilled in ttherant flweving in the circult over the deposition time
{(Faraday’'s law).
During the step of forming the coating, the surface to
15 Dbe coated 1s biased, either in galvanostatic mode (with
a fixed set current) or in potentiostatic mode (with a
fixed set potential, optionally relative to a reference
electrode) or elge in pulsed mode (either the current
or the voltage being pulsed).
20
It is also possible to combine these modes, for example
a step in potentiostatic mode followed by a step in
galvanostatic mode.

25 In general, a satisfactory coating can be obtained by
biasing in galvanostatic mode, preferably within the
current range from 0.1 mA/cm® (milliamps per square
centimetre) to 5 mA/cm?, and more particularly from
0.1 mA/cm® to 1 mA/cm?.

30
A satisfactory coating may also be obtained by biasing
in potentiostatic mode, by imposing a cell voltage in
such a way that the resulting cell current lies within
the same current range 4as indicated previously
35 (0.1 mA/cm? to 5 mA/cm®, and more particularly £rom

0.1 mA/cm® to 2 mA/cm?). Although the cell voltage
depends in particular on cell design parameters, such
as the distance from the counterelectrode or the
presence of a membrane, it will be easy for a person



10 growth of the filmbeing a function of the charge, which is equal to
~the tinme integral of the electric current flowing in the circuit over the
deposition time (Faraday's law). During the step of form ng the coating,
the surface to 15 be coated is biased, either in galvanostatic node (with
a fixed set current) or in potentiostatigz node (with a fixed set

potential, optionally relative to a reference electrode) or else in pul sed

mode (elthers}thblédlrrlelntth@r atrhe yol tRgerhanRg eubsedLl ZOoiLt:agé &350

possi bl e to conbine thes es, .f.or exanple a step ntlostatlc node
f ol | owed bylﬁ.%§%Fl?% v EF&PP@'nﬁgg SBITRNge %?E?E % sat3%sf &tory
coating can dbEvabtpenedtbyl dndsa ngiven gabwahestatiennode, preferably
within the current range fromO0.1 mAcn2 (mllianps per square

centinmetre) to 5 mdcn2, and nore particularly from 0.1 mdcnR to 1

mV cnR. 30 ABsé@t%ﬁé@@t@yycoaatmggmmﬁuﬂa&sdmb@bbhtaededybbl&wag}ngn

ot ent i ost at OSI \ a [ t he
p b BdSedybaRoSl (b ferghl v Ud 398 | Do SHiHhde "Bhi Al

resulting cell_Ccurrent lies w same current Cat ed
previousiy 34¥83- miVcn2 to 5 m¥cnR, and nore particularly from 0.1
mVcn2 to 1 mAd/cnR). Although the cell voltage depends in particular on

cel |l design araneterib gﬁ@h as the distance fromthe counterel ectrode or
the presence’ of *8°hE i TER | Pe RRAsyAFELed fitsoRY- MS0A8ENT ed i n

the artlfo dmmag@epnmeeseldor\t@stpag_ﬁlmg a@aaurmmr@ﬂﬁi adkuéhtng)érhe
Sat | o actor v Eoar g ey BFEoTB8. BCSEneq By Thrndihg T bt b e,
preferably §§Ntsm©be|npﬁgecubhrégefrom 0. l maA/cm’ to 1 mA/cm?, and
to a minimum current per unit area within the range
from 0 maA/cm® to 0.5 mA/cm?, and more particularly from
15 0 mA/cm® to 0.1 mA/cm?.

More particularly, the duration of bias at the maximum
voltage may be between 0.15 and 5 seconds, for example
around 2 seconds for a voltage corresponding to a
20  maximum current per unit area of around 0.5 mA/cm?,
whereas the duration of bias at the minimum voltage may
be between 0.15 and 7 seconds, for example around 3
seconds, for a voltage corresgsponding to a minimum
current per unit area of around 0.05 mA/cm?.
25
The number of cycles to be performed during this step
depends on the desired thickness of the coating.

In general, a person skilled in the art will readily
30 determine the number of cycles to be performed knowing
that, wunder the aforementioned general conditions,
illustrated by the examples below, it has been observed
that the deposition rate is about 0.1 nm per cycle.

35 The latter method of implementing the invention has
been used in particular to produce copper seed layers
on highly resistive substrates, the sheet resistance of
which may be up to 100 000 ohms/square, or even a few
megohms/square.



pul ses. In general, this step may be carried out by inmposing 10 voltage
pul ses corresponding to a maxi mumcurrent per unit area wthin the range
from0.1 m¥cne to 5 mVcne, and nore particularly fromO0.1 mdcnR to 1
mdV cnz, and to a mnimumcurrent per unit area within the range fromOoO
mVcn2 to 0.5 mdcn2, and nore particulggly from 15 0 nA¥cnR to 0.1

mA/ cnR2. More particularly, the duration of bias at the maxi num voltage nmay

be between Oad®arbtElgSoSETPNdThd OsbEXARLE oBEDUNELZ SBEDDES shep g ol tage
correspondi n‘g%]%]gj(g%ZgBrram mum cur r ent ger unit area of around 0.5 mA/cng,
n
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af orementi oned general conditions, ~T11Uustr the 'exa “below, it
has been obs®#¥@d Valf@gs hdedeposa#si cmniaie theaboorting miegeaithai e. 35

The latter nethedwabni nphesrentl ng dhecLpyensi Qﬂlthﬁ% Resestskddtic

particular to (groduce copper seed layers on highly resistive substrates,
the sheet ré&%/%%ance of which may be up to 100 000 ohns/square, or even a
few nmedgohns/square. -16- Advantageously, the abovenentioned "hot exit"

ol ootric potentiar s PHBCk o R ed R HrE HERBFIoht 28 Fheol It, Thi s

potenti al betlertmeasiateh® eombesitebasi destoibhd aboveerfelrectdzodienf t he

circurt a copper-diffusion barrier layer in the fabrication of
interconnects for integrated circuits.

15
In this aspect, the present invention also encompasses
a method of coating a surface of a substrate, such as
an particular a Dbarrier layer preventing copper
diffusion, which comprises bringing the said surface

20 into contact with an electrodeposition composition as
described above and a step during which the said
surface is biased during a sufficient period to form
the said coating.

25 According to a particular embodiment, the barrier layer
preventing copper diffusion comprises at least one
material chosen among tantalum nitride, tantalum,
ruthenium, cobalt, tungsten, titanium nitride, examples
0of specific barrier surfaces béing ones consisting of a

30 tantalum nitride/tantalum bilayer or a ruthenium layer.

This coating method is especially useful for the
preparation of a copper seed layer having a very low
thickness of the order of 30 nm or less, for example of
35 the order of 10 mm or 1less, on a barrier Ilayer

preventing copper diffusion as defined above.

The present invention will now be illustrated by the

following non-limiting examples in which the



or relative to a reference electrode, preferably at the same voltage |eve
. as during the coating deposition step when this is also carried out in
potentiostatic nobde. 10 A second object of the present invention is the
use of electroplating conpositions described above for coating a
copper-di ffusion barrier layer in the faprication of interconnects for
integrated circuits. 15 In this aspect, the present invention also
enconpasses campetbedond @@édﬂgi@g S wef aﬁﬂeOfn@véﬂ*@ﬁézﬁ atsse SU§BaaASto an
particul ar adbarrl r lLayer greventl g er di ffusjon, which conprises
bringi ng t he®SaPa sur face®28°T nt 5°89nt Entﬂnadg BCPP o R 13

conposi tion asatdésonlﬁ@daab@m@p@nddaf§MEﬁodurbagr%hmchlhyersavmhe§®rface

is biased du uffici e dto for t he, sai_.d _coat.in

Accordi n toé%gggf?gcurg? 2 gl%%ﬁY a?ﬁblﬁg‘ |erl?a§%1 %ﬁéﬁﬁ?%ﬁpcopper
di ffusio co@%rlsxmaaﬂrl easteuqennaater|sﬂruﬂmas&ﬁsanﬁng'tazmt&gnaURdrw de,
tantalum ruyipepiym cobalt, tungsten, titaniumnitride, exanples of
specific barrier surfaces belng ones consisting of a 30 tantal um
nitride/tantalum bilayer or a rutheniumlayer. This coating nmethod is
especi al |y usRAmpbr.£orl { hegdBRAGH | ©F 0L ac r &aefl hayar hgxing a very
| ow thlcknq§ the ordeT_TT‘3U'ﬁﬁT6T‘T@?éggggg;éxaﬁﬁTé_ﬁT‘1S_Tﬂé‘order
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followi ng n ng exanples in which the -1/- conpositrons according to
the i nventi éi&lﬁé ed to deposit a copper seed |ayer on silicon

substrates coated with a copper-diffusion barrier |ayer. These
A. Apparatus and eqguipment

15 Substrate:

The substrate used in this example consisted of a
200 mm diameter silicon wafer covered with a silica
layer having a thickness of 400 nm, itself coated with

20 a tantalum nitride (TaN) layer having a thickness of
15 nm deposited by reactive sputtering and with a
tantalum (Ta) layer having a thickness of 10 nm, also
deposited by sputtering.

25 This TaN/Ta ‘bilayer” constitutes a copper-diffusion
barrier as used in “double damascene” structures in the
fabrication of copper interconnects for integrated
circuits.

30 Electroplating solution:

The electroplating solution used in this example was an
aqueous solution containing: 0.3 g/l (or 1.7mM) of
2,2 -bipyridine; 0.6 g/l (or 2.4mM) of CuS045H;0; and

35 0.3 ml/1 (or 3.3mM) of pyridine. The pH of the solution
was between 5.8 and 6.2,

Equipment:



exanpl es are especially applicable in the fabrication 5 of copper

. interconnect structures for integrated circuits. EXAMPLE 1: Deposition of
a copper seed layer on a TaN Ta barrier |ayer using a conposition
according to 10 the invention based on a m xture of 2,2'-bipyridine and
pyridine A Apparatus and equi pnment 15dSubstrate: The substrate used in
thi-s exanple consisted of a 200 mmdianeter silicon wafer covered wth a

sili cia | ayern gam@gemm@I,<naﬁse@écé@@ﬁmatmrgsaefpoﬁ‘s%%tl%@h \34@*1 d .

tantalumnitride Vi i ckness nm osi t.ed by

reactive spu%?%?e%‘:g%h%ﬁl#t%f e Em?‘ﬁ?ﬁ: 5‘ 53]& eé'P HGTess of

10 nm al so infépeisiy ed rwdedpuEted hog™ Zﬁrﬂihu ssé‘mbﬁtfﬁal@bl Icaambl@oraﬁtl tutes

a copper-dif r r_as use "doubl e damascene" structures in the
e AR s T at e circu

fabrication of copper”interconnec circuits. 30
El ectropPating sol ution: The el ect ropl ating solution used in this exanple

was an agquemsSs Selut 0 g
2,2 - blpyrldlne gbﬂlg%%n 'Eé%ﬂ%%%b gb %% éﬁé%élggg&% dﬁg?%ﬁt%P%(n
3.3mV) of py¥Ht nel THéL ofihﬁhesgéﬁut3-@Yierwa‘8a%et@mfﬁ%5:@ialﬁﬁ$

Equi prent :  Inidde sdex s € o el e 1Pk aidpds depgsi tion equi prent
representative of that enployed in the mcroelectronics industry, nodel

Equi noxTM from Semi t ool (r), capable of processing 200 nm wafers was used.
5 This 2qui pirent eteaprosed: fngebiepbeophiahi ng:1deposkbtD8edcahl andbashi ch the

seed layer yomd1epshbed @d.a 1Lldee! SLY,5tatdgn dsed ALt ey deposition.
coated titanium) or of a metal identical to that
constituting the seed layer, in this case copper, the
silicon wafer coated with the TaN/Ta barrier layer
15 constituting the cathode of this cell.

This cell also included a stabilized power supply for
delivering up to 30 V and 4 A and a device for
electrically contacting the cathode, physically
20 isolated from the solution by a seal. This electrical
contacting device generally had a ring shape and
allowed the substrate to be biased at wvarious contact

points placed uniformly around the said substrate.
25 It also included a device for supporting the wafer to
be coated, including means for rotating the said wafer

at a predetermined speed.

B. Experimental protocol

30
The electroplating method used in this example
comprised the following various consecutive steps.
Step 1: *Cold entry”
35

This step was divided into two substeps:

1.1. The aforementioned substrate was introduced
into the electroplating deposition cell .so that the



10 The el ectroplating deposition cell conprised an anode, mnade either of
.an inert nmetal (for exanple platinum coated titaniun) or of a netal
identical to that constituting the seed layer, in this case copper, the
silicon wafer coated with the TaN Ta barrier |layer 15 constituting the
cathode of this cell. This cell also inguded a stabilized power supply for
delivering up to 30 V and 4 A and a device for electrically contacting the

cat hode, phyﬁcﬂ@lha!vﬁﬁ)gl snéatraﬂ/fraomatm@olwyw @éﬁm@ §ﬁ@b chRitSict
nd allowed the

el ectrical car g ener al | ring

Substrate tdEe oSt det R Beki 8ot 2250 BAFref i tar ound

t he sai d suhstt m@.niﬁﬂecmmﬂmlptdwr@idew ce for supporting the wafer
to be coated, including nmeans for rotating the said wafer at a

predet erm ned speed. B. Experinental protocol 30 The el ectroplating nethod
used in Phis exafpld Wenpreseemitle f offbowedg Viay i oUslle:ongé@sLttlmait eps

Step 1: " Coldhfitldting 3aeThLE SI4R ‘Qﬁﬁadh}ﬁbg‘ég?hetoﬁﬂf 1 UBRLROE - | . The

af orenenti oned substrate was int roduced rnfo e el roplating (?ep05| tion
cel | so thatvitlfe Pe.referred. as. the .‘catipodecas s hy” t hwaFakorahbarri er

| ayer came ijm CQfﬁrﬂﬁéctW tfot heeﬁ%!aﬁ%ié' cg&TﬁQmégg%gﬁ dewl%d g:lﬂ%t Ihatter
e asse or ne Yy e

not yet bei ectrlcally power ed %
el ectri cal e@%ﬂ?&? TR asi ces‘a?'lﬂtf‘ﬁﬁ substtidt e, GPReRChEREart &CSPwi 11 be
referretiDas gdnmfa:‘ia]tyhodasaiﬁgnbis y"se(\i\@ﬁd@oug:ht lekBt O( £ORAt agtamdis exanpl e

by T rmer si o i dL t 1,81 RGLLORl At Lo SAIML Ofhe THLS 550N 3CL 1 19 s5hep.
not electrlcally powered. The cathode assembly was
preferably then kept in the electroplating solution
without being biased for a period of at least 5 seconds

15 (for example around 30 seconds).

Step 2: Formation of the copper coating

The cathode assembly wasg then biased in
20 potentiostatic mode by imposing a cell wvoltage
corresponding to a current per unit area of generally
between 0.4 mA/cm® and 0.8 mA/cm® (for example 0.6
mA/cm’) and at the same time rotated at a gspead of 20
to 60 rounds per minute {(for example 40 rounds per

25 minute).

The duration of this step depended, as will have been
understood, on the targeted thickness of the seed
layer. This duration can be easily determined by a
30 person skilled in the art, the growth of the film

depending on the charge passed in the circuit.

Under the aforementioned conditions, the deposition
rate was about 1 nm per coulomb of charge passed in the
35 circuit.

In this example, the duration of the electroplating
step was - around 50 seconds for obtaining a coating
having a thickness of 10 nm, and around 200 seconds for



10 generally lasting 5 seconds or less (for exanple 2 seconds), was
carried out while the device was still not electrically powered. The

cat hode assenbly was preferably then kept in the electroplating solution
wi t hout being biased for a period of at |least 5 seconds 15 (for exanple
around 30 seconds). Step 2: Formation gfpthe copper coating The cat hode
assenbly was then biased in 20 potentiostatic node by inposing a cel

vol tage corokespontidigs teoRt Tk r ey 1Rgra Uihicneas obf general |y between 0.4
mVcn2 and 0.8 mA/cn2 (for exanple 0.6 mA/ cnR) and at the sanme tine
rotated at a speed of 20 to 60 rounds per mnute (for exanple 40 rounds
per 25 mnute). Sthep dur atHon etithis step depended, as will have been
understood, on the targeted thickness of the seed |ayer. This duration can
be easily determ ned by a 30 person skilled in the art, the growh of the
film dependFies oitarhenashdrgedpabded imte heweischsteptnder the

af orenenti oned conditions, the deposition rate was about 1 run per coul onb
of charge passed in the 35 circuit. In this exanple, the duration of the
el ectroplating step vkteF olte 5@1e6E5rB adnJ0bBERRI ngtke c|INRy - havi ng

a thickness @datldl NnNcaghddar OURHsSRB19eCoRs fof tuél@awebt aFRbRY aifpating
havi ng a thiqfness f : ,"Hot exit" 5 Thiis step may be divided

40 nm _Step 3. .
into two suﬁiegb.Oé;QElWQtE?lPHégEI@EFPO@;&??@ §Pepd Ofe 1IFIE™ coat ed
cat hode1l@ssestl }e isesi rvg thaltavniheanmihbier ebeekgephbdkisng T$el Whirditiwd h a

zero speed of-rqtafi i bei ng_ mai nt ai ned under vol tage bias. The
duration ofg%ﬁ?%giﬁ%séﬁéggﬂgb%ﬁﬁuﬁ gé%%ﬁﬁ%ésThe speed of rotation was then

i ncreased to 500 rounds
The speed of rotation was then increased to 500 rounds
per minute for 10 seconds, the cathode assembly bias
15 Dbeing cut off during this final phase.

A pre-rinse with deionized water was carried out in the
cell.

20 3.2. The substrate coated with the seed layer was
then transferred into the rinsing/drying module in
order to be rinsed with deionized water.

The rinsing water was then removed, and then a drying

25 operation under a stream of nitrogen was carried out.

The rotation was then stopped so as to allow the dried
coated substrate to be removed.

30 In this example, the exit step, and in particular the
removal of the cathode assembly from the electroplating
solution, was carried out under voltage bias at the

same level as during the step of forming the coating.

35 C. Results obtained

By applying the experimental protocol described above,
copper layers of 10 nm, 20 nm and 40 nm in thickness

© exhibiting excellent conformality, adhesion . and



per mnute for 10 seconds, the cathode assenbly bias 15 being cut off
during this final phase. A pre-rinse with deionized water was carried out
inthe cell. 20 3.2. The substrate coated with the seed | ayer was then
transferred into the rinsing/drying nodule in order to be rinsed with

dei oni zed water. The rinsing water was.gihen renoved, and then a drying 25
operation under a streamof nitrogen was carried out. The rotation was

t hen stoppedreoisisathoe athavatbertsteds wopsedosabstaate to be renoved. 30
In this exanple, the exit step, and in particular the renoval of the

cat hode assenbly fromthe electroplating solution, was carried out under
vol t age bi asCatfoimalsape el assdesiedg tbe stepsefvimgm ngdrheimepat i ng.

35 C. Result ined . | yin experi ment al__protocol .descri bed
Shove, | coppat Sriiut PR DE-R08. SRR Sl SRR A TP
excel | en cortbekmess yoLfadhesismedanihye-omeshet &uoed zomdedctariSides wer e
obt ai ned. Cop{ @4 ”@ﬂl&t‘iYoﬂaéhésw?@féf@ai)ys@?ﬁgﬁéf‘g scanning el ectron

e

m croscope cross sections and conparing t t hi ckness of the seed | ayer
on the horizontal surfaces wth that on the vertical surfaces. The sheet

resi stance vpigse Mg edrigh BYad ced- PO Ninca SBASY GEBAL | ST ARy el |
known to those skilled in 10 the art. The adhesion or interfacial, energy
was neasur ed" ST e b tPSLREMEEAl IRIposKRPER P atBoRe nfidHiler ddbper

| ayer (ploatitige layer) on the seed layer. This 15 neasurenent was carried
out using an apparatus (pulling test system that applied an increasing
vertical pulling force on the surface via a strong adhesive tape until
the copper |'Byerafbesdohayer andepfatialy leayer)y was measured after

electrochemical deposition of a 500 nm thick copper
layer (plating layer) on the seed layer. This

15 measurement was carried out using an apparatus (pulling
test system) that applied an 1increasing vertical
pulling force on the surface via a strong adhesive tape
until the copper layer (seed layer and plating layer)
separates from the substrate. The work of this force

20 (force multiplied by length of the layer that has
delaminated) i1s equivalent to the energy that had to be
supplied in order to separate the copper layer from its
substrate. By dividing this energy by the area that has
delaminated, the energy per unit area is obtained.

25
Some of the results of the measurements are given in
Table 1 below.

EXAMPLE 2: Deposition of a copper seed layer on a

30 TaN/Ta barrier layer using a composition according to

the invention based on 2,27 -bipyridine.

A. Apparatus and equipment

35 Substrate:

The substrate used in this example consisted of a
silicon coupon 6 cm in length and 2 cm in width, coated

with a silica layer having a thickness of 400 nm,



separates fromthe substrate. The work of this force 20 (force multiplied
by length of the layer that has delam nated) is equivalent to the energy
that had to be supplied in order to separate the copper layer fromits
substrate. By dividing this energy by the area that has delam nated, the
energy per unit area is obtained. 25 Some of the results of the
nmeasurenents are given in Table 1 below. EXAVMPLE 2: Deposition of a copper

Sﬁed | ayer O:Dt:gelﬁg J@Nﬁ&g hgmler% | ayRit 5N 18 GOTROS| M acpred gg to
the inventiaon based on '-bipyridine._ A Apparatus and equi pnent 5
Subst r at e: %ﬁaevjs%st‘?at Ju%]é%le$% t#s x| %Qﬁ?s]i"'s‘ffcgd%f éé)as‘?qlivc%n
coupon 6 cmsmutteegiiganh® ehthn wi didntLbah ed Tawi t hagesi | hgaihqyesr havi ng
a thickness . 2, ~itself coated with a tantalumnitride (TaN)

| ayer havin%gﬂé%%?%ﬁk%ésl%fn%S %%?%%E%gi?%ds%ﬁtﬁ%ﬁﬁ?QVe sputtering and
with a t@ntalum (Ta) layer having a thickness of 10 nm deposited by

sputtering. f,4hi s éTa“Eﬁh%_¥E“" EBHéE&EHEﬁé q?;g$$§égfﬂ&£%§ﬂ%ﬂ}ulbarrier

as used in "doubl e damascene” ‘structures in-t ion o e copper
i nt er connectR¥Bker megraeddine fourils. degagicener ositatiatgrss Uit dihe The

el ectropl ati fghsodtiON HEedHN ddihSeLXBAPLE-¥WBSBPs FYHEOUS SPLAMd PN
cont ai ning CuSM. 5H20 and 2,2'- 15 bipyridine. In this solution, the
copper / conpl €F Y- Sent (2, 2' - bipyridine) nmolar ratio varied between 0.1

and 2.510for exanple 1.4) with a CuSO4(H2O 5 concentration of 0.2 g/l

Electroplating solution:

The electroplating golution used in this example was an
agueous solution containing CuS0;-5H;0 and 2,2'-

i5  Dbipyridine.

In this solution, the copper/complexing agent (2,2'-
bipyridine} molar ratioc varied between 0.1 and 2.5 ({(for
example 1.4) with a CuS0s(H;0)s concentration of 0.2 g/l

20 (or 0.8mM) for example. The pH of the solution was
between 4.5 and 5.

Equipment:

25 This example used a glass electroplating cell made up
of two parts: the cell intended to contain the
electroplating solution and a ‘“cover” for maintaining

the various electrodes in operative position.

30 The electroplating cell had three electrodes:
- an inert metal {platinum) anode;
~ the silicon coupon coated with the TaN/Ta
layer, constituting the cathode, and
- an Ag/AgClQ,; reference electrode.
35 Connectors are used to bring into electrical contact
the electrodes which are linked via electrical wires to

a potentiostat supplving up to 10V and 2A.



20 (or 0.8mM) for exanple. The pH of the solution was between 4.5 and 5.
. Equi pnment: 25 This exanple used a glass electroplating cell made up of

two parts: the cell intended to contain the electroplating solution and a
"cover" for maintaining the various electrodes in operative position. 30
The electroplating cell had three el ectaades: - an inert netal (platinum
anode; - the silicon coupon coated with the TaN Ta |ayer, constituting the
cat hode, and - amg A®AEAHedef e ectrode. 35 Connectors are used to
bring into el ectrical contact the erectrodes which are linked via

electrical wwres to a potentiostat supplying up to by and 2A. -23- B.
Experi ment alThps ot eGel-tTtheialkeely ophathag neidwd used idnidi s sanpmle

conprised the follow variaus consecutive steps. 5 Step 1. "Hot entry"
The el ectr opt AtH e\é%olqgﬁ ﬁoj%a%w%rveaﬂf%%% ?%g%%‘il‘ﬁv%o&ﬁi%s vari ous

el ectrodés were placed on the cover of the electroplating cell. The

el ectrodes were toi, C f wth the electroplating solution
under bias. 15 S’?Sr@ ri ek it t he copper coating The cat hode was

bi ased either in galvanostatic node, wthin a current range from1 mA (or

0.125 mA cnifhd Qo1 & Al Osc?ld.gﬁé&ﬂ%}aé fﬁéu%@”{’ﬁ@o 21:1'{'%;A §0110. 25

mA/ cn¥)), or in potentiostatic no In a potentia range from2 Vto 5V
(for exanple 2 V) , or in cyclic voltammetry node with a potential ranp

rangi ngivi t ite avarange of cpetentialarbl Qa2 oW téh Scive (E8veeXamPhal V),

electroplating cell.

The electrodes were brought into contact with the

electroplating solution under bias.

is5 _
Step 2: Formation of the copper coating
The cathode was biased either in galvanostatic mode,
within a current range from 1 mA (or 0.125 mA/cm?) to
20 4 ma {or 0.5 mA/cm?) {for example 2 mi (or

0.25 mA/cm®)), or in potentiostatic mode in a potential
range from 2 V to 5 V (for example 2 V), or in cyclic
voltammetry mode with a potential ramp ranging within a
range of potentials from 2 V to 5 V (for example 2 V),

25 a sweep speed of between 20 and 500 mV/s {(for example
50 mV/s) and a number of cycles between 2 and 10 (for
example 2).

Degassing with argon may be employed - it allows some
30 hydrodynamic regime to be established in the cell.

The duration of this step depended on the
electrochemical deposition mode used (galvanostatic or
cyclic voltametry mode). In general, it was between 2

35 and 15 minutes. For the same deposition mode, this
duration depends on the targeted thickness of the seed
layer and can be easily determined by a person skilled
in the art, the growth of the film being a function of
the charge passed in the circuit.



25 a sweep speed of between 20 and 500 mV/s (for exanple 50 mv/s) and a
nunber of cycles between 2 and 10 (for exanple 2). Degassing with argon
may be enployed - it allows some 30 hydrodynamic reginme to be established
in the cell. The duration of this step depended on the el ectrochem cal
deposi ti on node used (gal vanostatic or_ogyclic voltanetry node). In
general, it was between 2 35 and 15 mnutes. For the sanme deposition node,

this duratigmisepends Fdhedarigetes tdirpkneshof e sergodiaviem and can
be easily determned b eifon skllled_%%g the art, the romﬁh of the
f|In1be|ngzfQEﬁcWPSn%%°u$ ciar §&% T Pfie AawdR 92558 Gdder t he
af or enent i ongtke coixkhions, the depositlon rate was about 31 nm per coul onb
of charge passed in the circuit. 5 1In this exanple, the duration of the

el ectroplating step in cyclic voltametry node was about 480 s in order
to obtai h a Boattilvig hawamgla, thﬂukndﬂsamﬁcabouf 3e r wlectBtlepridg " Col d
exit" The bi e t I ei tact; Wwth the
sol ution. g@ﬁ%agéiho égaés'{ﬁ? nec(f(ié k"real%d 8?gug ?ﬁ grlnsed W th
18 MQ dei ommm\at@r obthén cﬁfl@@ﬁm%ghaﬁlngr Fontigmknes Qfga?éocplrtessure
of around 2 3@ C. Results obtained 20 By applying the experinental

prot ocol described above in cyclic voltamretry node, continuous confor mal
copper |layers were obtained (this being observed under a scanning

el ectrohOm croscaopedp VB { hradlickaess of 20 nm 25 30 nm and 40 nm The
copper seed | ayer, having a thickness of 30 nm had

The bilas was removed, the electrodes still being in

contact with the solution.

15 The cathode was then disconnected, and thoroughly
rinsed with 18 MQ deionized water, then dried using an

argon gun with a gas pressure of around 2 bar.

C. Results obtained

20
By applying the experimental protocol described above
in cyclic voltammetry mode, continuous conformal copper
layers were obtained (this being observed under a

scanning electron microscope) with thickness of 20 nm,
25 30 nm, and 40 nm.

The copper seed layer, having a thickness of 30 nm, had
a sheet resistance of 4 ohms/square measured by the
method described in Example 1.

30
| EXAMPLE 3: Deposition of a copper seed layer on a
TaN/Ta barrier layer using a composition according to
the invention based on a mixture of 2,2’-bipyridine and
. pyridine.
35 |

A. Apparatus and equipment

Substrate:



a sheet resistance of 4 ohns/square neasured by the nethod described in
Exanple 1. 30 EXAMPLE 3: Deposition of a copper seed |layer on a TaN Ta
barrier layer using a conmposition according to the invention based on a

m xture of 2,2 -bipyridine and pyridine. 35 A Apparatus and equi pnment
Substrate: -25- The substrate used in i1dd.s exanple was identical to that
of Exanple 2. Solution: 5 The solution used in this exanple was an agueous

sol uti ;)n colnﬂaé nisﬁ%s%za'te?izlﬂé{éadi-)iﬂf«‘, tﬁgéi P wggsc?)él&éﬂm?iéal The - ed
copper/ conpl exi ng agents ,2' - bipyridine and pyridine) nolar ratio varie
bet ween 0.1 ghﬁﬁi?fi 3L exanpl e 0.5) with a CuSO4(H20)5 10 concentration
of 0.2 g/l (or 0.8mMW for exanple, for nass concentrations of the two
conpl exi ng agent s, of the sane order of magnitude. The pH of the solution
was between 5.8§§i¥5%32'15 Equi prent: The equi pnent used in this exanple
was i denbi cdlhe o salhetticof Bempl . BiiExperdnent alway otzocolaguizduEhe

Resul ts obt 51 had Ob By LRI SES  hié ZexBoPY FRRLAE” pr QUSSR TR oyild &
vol t amet ri CHtdH2@bnt | nUBYS cofibppRul coppperingyer egendisser vidd Ainder a
scanni ng el egtd@n Mfd OSCPRSY 8L Be) molar ratio varied between 0.1
and 2.5 (for example 0.5) with a Cus04 (Hz0) 5
10 comcentration of 0.2 g/l (or 0.8mM) for example, for
mass concentrations of the two complexing agents of the
same order of magnitude. The pH of the solution was
between 5.8 and 6.2.

15 Equipment:
The eguipment used in this example was identical to

that of Example 2.

B. Experimental protocol

20

The protocol used in this example was identical to that
of Example 2.

C. Results obtained

25
By applying this experimental protocol in cyclic
voltammetric mode, continuous conformal copper lavers
{(observed under a scanning electron microscope) were
obtained with thickness of 10 nm, 20 nm and 40 nm.

30
The copper seed layers, having a thickness of 20 nm and
10 nm, had a sheet resistance of 8 ohms/square and
18 ohms/square resgpectively, measured by the method
described in Example 1.

35
EXAMPLE 4: Deposition of a copper seed layer on a

TaN/Ta barrier layer using a composition according to

the invention based on a pyridine derivative




obtained with thickness of 10 nm 20 nmand 40 nm 30 The copper seed
| ayers, having a thickness of 20 rimand 10 rim had a sheet resistance of
8 ohns/square and 18 ohns/square respectively, nmeasured by the nethod
described in Exanple 1. 35 EXAMPLE 4: Deposition of a copper seed |ayer on
a TaN Ta barrier layer using a conposidg-on according to the invention
based on a pyridine derivative -26- A Apparatus and equi pnent Substrate:
5 The substrate usedppatdiss eamdpdguimtentientical to that of Exanple 2.
Solution: 10 The solution used in this exanple was an aqueous sol ution
contai ning 3,5-di nmethyl pyridine and CuSO4(H20 5. The copper/ conpl exi ng
agent (3,5- di netdhybgyrateli ne) nolar ratio varied between 0.1 and 2.5
(Exanmple 1) with a CuSA(H20 5 concentration of 15 0.2 g/l (or 0.8mM) for
exanple. The pH of the solution was between 4.5 and 5. Equi pment: 20 The
equi pmen® used i fheéi subgonpke wasd dbnt tbdk texanmdiat whsExatguitd cal B.
Experlnentmtdwggégngzgkéﬁfl Proptocol used in this exanple was identical to
that of Exanple 2. C Results obt ai ned 30 By applying this experinental
protocol in galvanostatic node, continuous conformal copper |ayers
(observed under spisgamung el ectron mcroscope) were obtained wth
t hi ckness of 25 nmand 35 nm 35 The copper seed | ayers, having a thickness
of 25 nm and

10 The soclution used in this example was an agueous

solution containing 3,5-dimethylpyridine and
CuS04 (H0) 5. The copper/complexing agent {3,5-
dimethylpyridine) molar ratio varied between 0.1 and
2.5 (Example 1) with a CuS0s(H;0)s concentration of

15 0.2 g/l (or 0.8mM) for example. The pH of the solution
was between 4.5 and 5.

Equipment:

20 The equipment used in this example was identical to
that of Example 2.

B. Experimental protocol

25 The protocol used in this example was identical to that
of Example 2.

C. Results obtained

30 By applying this experimental protocol in galvanostatic
mode, continuous conformal copper layers (observed
under a scanning electron microscope) were obtained
with thickness of 25 nm and 35 nm.

35 The copper seed layers, having a thickness of 25 nm and

' 35 nm, had a sheet resistance of 5 ohms/square and
4 ohms/square respectively, measured by the method
described in Example 1.



35 rim had a sheet resistance of 5 ohns/square and 4 ohns/square

. respectively, nmeasured by the nethod described in Exanple 1. -27- EXAMPLE
5: Deposition of a copper seed layer on a TaN Ta barrier |ayer using a
conposition according to the invention based on an aliphatic polyam ne 5
A. Apparatus and equi pnment Substrate:_s7lhe substrate used in this exanple
was identical to 10 that of Exanple 2. Solution: The solution used in
this exanpl cEXWIPHE &He Dépositlivil og£cadt Qid’ﬂﬂ&}: ! et h]&iré.@nt&iﬂ g Wth a
15 concentrqﬁ of . 0.36 @ )
concentrat i GhSF—o—& e o oHPE e ,
(tetraethyl pehme aim txmmabaseatom mm5a11ﬁﬁatbutpobyhﬂ1nary betmeen 0.1 and
2.5, for exanple with a CuSO4(H2O 5 concentration of 0.6 g/1. The 20 pH
of the solution was 5.1. Equipnent: The equi pnent used in this exanple was

identicaP to 25 thatApparatuplend e@uipmesnti nental protocol The

el ectroplating method used in this exanple 30 conprised the follow ng

vari ous consecutive steps Step 1. "Cold entry" ii The el ectroplating
sol ution was pour%ﬂiﬁﬂﬁﬁhjihe cell. 35 The various electrodes were placed
on the cover of the el ectroplating cell. The el ectrodes were brought into

contact with.the -28- el ectroplating solution. At this stage, the assenbly
t hus forned EW&% i s>t;éqat§| et ricdm yEBiascramlqayag identical to
that of Example 2.

Solution:

The solution used in this example was an agueous

solution containing tetraethylpentamine with a
15 concentration of 0.36 g/1 {(or 1.9mM) and CuSOs(H:0)s

with a concentration of 0.6 g/l (or 2.4mM). The

copper/complexing agent (tetraethylpentamine) molar

ratio was 1.26, but could vary between 0.1 and 2.5, for

example with a CuS0O4(H;0)s concentration of 0.6 g/1. The
20 pH of the solution was 5.1.

BEquipment :

The equipment used in this example was identical to
25 that of Example 2.

B. Experimental protocol

The electroplating method wused in this example

30 comprised the following various consecutive steps.

Step 1: "Cold entry”

The electroplating solution was poured into the cell.
35

The various electrodes were placed on the cover of the
electroplating cell.

The electrodes were Dbrought inteo contact with the



its open-circuit potential). 5 The assenbly was maintained in this state

. (i.e. under no electrical bias) for a period of 10 to 60 seconds (for

exanpl e 30 seconds). Step 2: Fornmation of the copper coating 10 The

cat hode was biased in gal vanostatic node within the current range from 2
mA (or 0.25 mA/cnR) to 8 mA (or 1 mAcp@) (for exanple 6 mA (or 0.75

mA/ cnR)). 15 Degassing with argon may be enployed - it allows sone

hydr odynani Cex@@w@pwtb@gemmﬂl%aﬁd hR tt'f‘l@lé:elsltagghe giE atd Qe af1+f hi s
step depende eted thickness of ,the seed |ayer and could easily

be 20 deter %%d §m9 PSom ki ed®tRCHRECAttY PheSERoWk sl REfilm
bei ng a funcitswnpén%@er@@ﬁtg@ot@ﬁsﬁdlyn the circuit. Under the
af orenenti oned conditions, the deposition 25 rate was about 33 nm per
coul onb of charge passed in the circuit. In this exanple, the duration of
t he el ecbropllagi agsenbéy wes abmmuiﬂﬁ)eéea@ndﬁum otales t(d.ebt airmder coati ng
JDanaving 2 iy £kB8D9: 01200 40e0M SER:Foq BN XiLo EC £aldiode vas
then renoved fromthe so}utlon E Tas st elng
cat hode was ff@%\%W@%@%ﬁe%@eﬁECdeﬁlhoroughly rlnsed with 18 NQ delonlzed
water, then dried using an argon gun with a gas pressure of around 2 bar.
- 29- C Results obtalned By applylng the experlnental protocol descri bed
above, continuoud=Eontc ‘ P ‘ [ 5 thickness
wer e obtlai ned (observed under a scannlng el ectron nlcroscope) The copper
seed layer, 'ﬂ%glégkhoéglﬁggegfagéd49nngglga%ostatlc mode within the
current range from 2 mA (or 0.25 mA/cm?) to 8 mA (or

1 mA/cm®) (for example 6 mA (or 0.75 ma/cm?)).

15 Degassing with argon may be employed - it allows some
hydrodynamic regime to be established in the cell.

The duration of this step depended on the targeted
thickness of the seed layer and could easily be

20 determined by a person skilled in the art, the growth
of the film being a function of the charge passed in
the circuit.

Under the aforementioned conditions, the deposition
25 rate was about 33 nm per coulomb of charge passed in
the circuit.

In this example, the duration of the electroplating
step was about 200 seconds in order to obtain a coating

30 having a thickness of about 40 nm.

Step 3: “Hot exit”

The cathode was then removed from the solution, the
35 bias still being applied.

The cathode was then disconnected, and thoroughly
rinsed with 18 MQ deionized water, then dried using an
argon gun with a gas pressure of around 2 bar.



a sheet resistance of 8 ohns/square neasured by the 10 nethod described in
Exanpl e 1. EXAMPLE 6: Deposition of a copper seed |layer on a Ru barrier

| ayer using a conposition according to the invention based on a m xture of
2,2' -bipyridine and 15 pyridine Substrate: The substrate used in this
exanpl e consisted of a 20 silicon couppm-6 cmin length by 2 cmin w dth,
coated with a silica layer having a thickness of 400 nm itself coated

wi th a rutheni um CRuResayes dbwaiifed thickness of 30 nm deposited by
sputtering. The sheet Tresistance of this substrate was 7.5 ohns/square. 25
This Ru | ayer may constitute a copper-diffusion barrier as used in "double
damascene" sBruepplgsnign tdhee efmdrimattah pfocovel idset@uieccilsof®)

advanced in i 0 Sol utio The.sol ution ug dinithis
exanpl e was ?ﬁ%ﬁ?ﬁ@g s EB@EE?ma§ é%éﬁﬁﬁefﬁye awqﬂnﬁﬁd hé& e qdt pnent
used in thi sth%éh%ﬁéswa‘sereler@bt@ine@ tdlaseviedxamder 2. a - 3eathing

Experlnentalepé@ﬁg@ﬁlmigfogégéégoplatlng met hod used in this exanple was
identical to that of Exanple 5 C. Results obtained By applying the
experinmental protocol described above, a continuous conformal copper |ayer

40 nmin thitkaessppdd ¥BsAOhEZLREdnEQRSEr Ked RGBT SEANY Ngy elegd ron
a sheet resistance of 8 ohms/square measured by the
10 method described in Example 1.

EXAMPLE 6: Deposition of a copper seed layer on a Ru

barrier layver using a composition according to the

invention based on a mixture of 2,2’-hipyridine and

15 pyridine
Substrate:

The substrate used in this example consisted of a
20 silicon coupon 6 cm in length by 2 cm in width, coated
with a silica layer having a thickness of 400 nm,
itself coated with a ruthenium (Ru) layer having a
thickness of 30 nm deposited by sputtering. The sheet
resistance of this substrate was 7.5 ohms/square.

25
This Ru layer may constitute a copper-diffusion barrier
as used in “double damascene” structures in the
fabrication of cover interconnects for advanced
integrated circuits.

30

Solution:

The solution used in this example was identical to that
of Example 1.

35

Equipment:

The equipment used in this example was identical to
that of Example 2.



m croscope). This copper seed | ayer had a sheet resistance of 2.5
- ohms/ square neasured by the nethod described in 15 Exanple 1. EXAMPLE 7:
Deposition of a copper seed layer on a TaN Ta barrier |ayer using a
conposition according to the invention based on a m xture of
2,2' -bipyridine and 20 pyridine A Apparatus and equi pnent Substrate: 25
The substrate used in this exanple is identical to the one used in exanple
1. Electropl ating satxkpérimentdl Teotd®st ropl ating solution used in this
exanpl e was an aqueous (de-ionized water 18.2 Mohmcn) solution prepared
in a cleanroom environnment (class 10,000 or [1SO 7) containing: 0.4 g/l (or
(2 56 m\/)m?;c he' ea&djjrmmja:ﬁmeg(pmtﬂ'ﬂo)d 9852 51:ﬂppt’(gjlh%£l l@éﬁﬂgkmn wWais8 g{jl

or 3.2 rity. supplie y Alfa Aesar; an
0.367 /I lq{en%%%ﬁ Sclrg%é?%ciu‘sn%e E’EamLR ;?99 9% supplied by Aldrich. -31-
After préparatlon the solution was filtered at 0.21un. The pH of the
solution was 5. 94, BupiEs obtéiﬂ%f equi pment used in this exanple is
identical to the e 1. B. Experinental protocol 10 The
el ectroplating nethod used in this exanple is identical to the one used in
exanpl e 1. @y Resyl¥ngbtakN@dmperinental protocol described above,

a continuous conformal copper layer 40 nm in thickness

10 was obtained (observed under a scanning electron
microscope) .

This copper seed layer had a sheet resistance of
2.5 ohms/square measured by the method described in

15 Example 1.

EXAMPLE 7: Deposition of a copper seed layer on a

TaN/Ta barrier layer using a composition according to

the invention based on a mixture of 2,2’-bipyridine and

20 pyridine

~ A. Apparatus and equipment

Substrate:
25
The substrate used in this example is identical to the
one used in example 1.
Electroplating solution:
30

The electroplating solution used in this example was an

agueous (de-ionized water 18.2 Mohm.cm) solution

. prepared in a cleanroom environment (class 10,000 or

IS0 7) containing: 0.4 g/l (or 2.56 mM) of 2,2/-

35  bipyridine (purity 99.7%) supplied by Oxkem; 0.8 g/1

{or 3.2 mM) of CuS045H;0 (purity 99.995%) supplied by

Alfa Aesar; and 0.367 ml/l ({(or 4 mM) of pyridine
{(purity 99.9%) supplied by Aldrich.



15 By appl ying the above experinmental protocol, copper |ayers of 10 nm and
- 20 nmin thickness exhibiting excellent conformality (see figures 1A and
1B bel ow), adhesion and resistance characteristics were obtained. 20 The
excel lent conformality characteristics of this layer are illustrated in
figures la and | b which represent crosgisectional view in backscattered
el ectrons node enhanci ng chem cal contrast. 25 Conformality over trenches

was al so chardceer bzegaeatdon, acge s62Lei6d. QhETR) 14eiRg seabt eparetry.

These neasurenent.s _sh d a.c er layer thickness of 7 nmat the top,
bot t om and s?ggmghlS%OERErEH&HgganHa?h y24re 30 in good agreenent with

actual thicknesses observed by SEM cross-sections. Except for
scatteronetry, alggggghg_gerization nmet hods are identical to the ones used
in exanple 1. 35 €l ow gives the results obtained in the above
Exanples 3 to 7. Similar trends were al so observed for the sheet
resistance bohar et BALIeMl & ey hundtede ahn/ squara.. 9" several tens
of thousands of -32-"ohns/square or éven up to a few megohns/ squarée. TABLE
1 Copper see@™8hBeedr é8j skameée layer (ohns/square) obtai ned Thi ckness
Bef ore After Adhesion according to: (rim treatnent treatnent (J/nR)
Exanple 1 20 23 8_11 to 13 Exanple 1 10_23 18 11 to 13 Exanple 2 30 23 4
3 to 5 Exanple 3B20E3BeEimentay protocol

10

The electroplating method used in this example is
identical to the one used in example 1.

C. Results obtained

15
By applying the above experimental protocol, copper
layers of 10 nm and 20 nm in thickness exhibiting
excellent conformality (see figures 1A and 1B below),
adhesion and resistance characteristics were obtained.
20
The excellent conformality characteristics of this
layer are illustrated in figures la and 1b which
represent cross-sectional view in backscattered
electrons mode enhancing chemical contrast.
25
Conformality over trenches was also characterized on a
large scale (0. 01lmm?) using scatterometry. These
measurements showed a copper laver thickness of 7 nm at
the top, bottom and sidewalls of trenches and they are
30 in good agreement with actual thicknesses observed by
SEM cross-sections.

Except for scatterometry, all characterization methods
are identical to the ones used in example 1.

35
Table 1 below gives the results obtained in the above
Examples 1 to 7. Similar trends were also observed for
the sheet resistance before treatment of a few hundred
ohms/square, or several tens of thousands of



Exanple 3 10 23 18 5 to 7 Exanple 4 25 23 4 1 to 3 Exanple 4 35 23 51 to
-3 Exanple 5 40 23 8 <1 Exanple 6 40 7.5 2.5 >20 Exanple 7 20 22 5.3 >20
Exanple 7 10 21 15 >20 5 -33- CLAIMS 1. Electroplating conposition
intended in particular for coating a copper-diffusion barrier layer 5 in
the fabrication of interconnects for ingzegrated circuits, characterized in
that it conprises, in solution in a solvent: - a source of copper ions, in
a concent r atétoms Afqudred Weenekbrd @ H UM epred gsai Y @faket ween 0.4 and 10
18 mm and nore preferably of between 0.4 and 15 nmM - at | east one copper
conpl exi ng agent chosen fromthe group conprising primary aliphatic

am nes, secondary aliphatic am nes,TaBLEI &ry al i phatic am nes, aromatic
am nes, nltrogen heterocycles and oxinmes; 15 - the copper/conpl exi ng

agent (s) Har—+att+o—betrpg—between—p—1 and—2. 5—preferably—hetween—0. 3 and
1.3; and -Etmanp¢nﬁse¢ie>ald conpos t|6heBE|ngshesanbhan 7, prefergbly
characteri 3ed | i PREL -t he| aboverent | bred Sttt e 't Fom vacpr and
hydr oal cohdl i cORERinRds. pFhickaesest | oPafdrg conpbéteron addbedilng | o
Qaiml or) scsh@aet@sd ped (df hat w@aﬁf-ﬂ%ﬁ%ﬁee%gerﬁgnﬁ&urqg/ﬁlfz) copper
ions is a dgopper satt, suthas T partrcutat pper—sttphate—coppe
chloride, dopferamkgzke or 20 23 8 11 to 13

Example 1 10 23 18 11 to 13

Example 2 30 23 3 to 5

Example 3 20 23 5 to 7

Example 3 10 23 18 5 to 7

Example 4 25 23 4 1l to 3

Example 4 35 23 1 to 3

Example 5 40 23 8 <1

Example 6 40 7.5 2.5 =20

Example 7 20 22 5.3 >20

Example 7 10 21 15 >20




cépper acetate, preferably copper sulphate. 30 4. Electroplating
- conposition according to one of Clains 1 to 3, characterized in that the

af orenenti oned copper conplexing agent is chosen from - primary aliphatic
amnes, in particular 35 ethylam ne, cycl ohexyl am ne, ethyl enedi am ne and
cycl ohexanedi am ne; - secondary aliphatijasc am nes, in particular
pyrrolidine; - tertiary aliphatic amnes, in particul ar -34-

hydr oxyet hyl di et hyl am ne and tetraet ptlagfgpent am ne; - aromatic am nes, in
particular 1,2- diam nobenzene and 3, 5-di nethylaniline; - nitrogen

het erocycles, in particular pyridine, 5 2,2'-bipyridine,

8- hydr oxyqui nol i ne SRillcqharatletihdlO- p&@mmmﬂ ne, ﬁméeﬂagat hyl pwri di ne
and 2, 2' \AAR Iar d| | yoxi me. 10 5.
Electroplatlngtbéﬁ%‘§ﬁt§%ﬁl%%%%yﬂ$n% FBPBE %?%?%s ?rFéeg &ayer
characteilzew.lmhﬁhaﬁa&hacatamenenﬁiona¢er©©np&ttsonﬁbEX|mgtageateﬁs a

nitrogen hetgrogy C %ﬁﬂ: ne, Py,
hydroxqu|ngﬁine gkfphéﬁg %é%%%éﬁenahthﬁb |ne Qé 56%é9 sﬁ‘gthyllpyrldlne
and 2,2' - blﬁﬂ’Qﬁ%ﬂnuin-@-SQLMﬂmmcplatlng conposi tion according to one of

Claim 1 o charactehliaed o5 bgbold GO 58S, dcoftahiigcebapy di ne

and 2, 2' - gyrldlne as copper onpl exi ng ectroplating
conposi ti on -0 A% fJnO@M cﬁé?ﬁ@%@bliied’fl noeREeent Qo‘hplai’l@es

aqueouslo solugt mn'an%ﬁ morGORPRIE SHIIRALEE Pddwah GoICRMd atd gimof  bet vveen
0.4 and 40 M plef%&?bﬁéaEE bgégeegoégereug%mplex1ng agent chosen
from the group comprising primary aliphatic amines,
secondary aliphatic amines, tertiary aliphatic amines,
aromatic amines, nitrogen heterocycles and oximes;
15 - the copper/complexing agent(s) molar ratio
being between 0.1 and 2.5, preferably between 0.3 and
1.3; and
- the pH of the said composition being less than
7, preferably between 3.5 and 6.5.
20
2. Electroplating composition according to Claim 1,
characterized in that the abovementioned solvent is

chosen from water and hydroalcoholic mixtures.

25 3. Electroplating composition according to Claim 1 or
2, characterized in that the aforementioned source of
copper ions is a copper salt, such as in particular
copper sulphate, copper chloride, copper nitrate or
copper acetate, preferably copper sulphate.

30
4. Electroplating composition according to one of
Claims 1 to 3, characterized in that the aforementioned
copper cdmplexing agent i1s chosen from:

-~  primary aliphatic amines, in particular

35 ethylamine, cyclohexylamine, ethylenediamine and
cyclohexanediamine;

- secondary aliphatic  amines, in particular
pyrrolidine;

- tertiary aliphatic amines, in - particular



18 mM and nore preferably of between 0.4 and 15 mM - a m xture of pyridine
- and 2,2'-bipyridine as copper conpl exing agents; 30 the copper/conpl exi ng
agents nolar ratio being between 0.3 and 1.3; and the pH of the said
conposition being less than 7, preferably between 3.5 and 6.5. 35 8. Use
of an electroplating conposition accordifnng to one of CQains 1 to 7 for
coating a copper-diffusion barrier layer in the fabrication of

i nt er connectisyd@fxyd tHyeiid @, IEH G t$hd tetraethylenepentamine;
- aromatic amines, in particular 1,2-
diaminobenzene and 3,5-dimethylaniline;
- nitrogen heterocycles, in particular pyridine,
5 2,2'-bipyridine, 8-hydroxyquinoline sulphonate, 1,10-
phenanthroline, 3,5-dimethylpyridine and 2,2°-
bipyrimidine; and

- oximes, in particular dimethylglyoxime.

ic 5. Electroplating composition according to one of
Claims 1 to 4, characterized in that the aforementioned
copper complexing agent is a nitrogen heterocycle
chosen from pyridine, 2,2’ -bipyridine, 8-
hydroxyquinoline sulphonate, 1,10-phenanthroline, 3,5-
15 dimethylpyridine and 2,2’-bipyrimidine.

6. Electroplating composition according to one of

Claims 1 to 4, characterized in that it comprises a

mixture of pyridine and 2,2’'-bipyridine as copper
20 complexing agents.

7. Electroplating composition according to Claim 6,
characterized in that it comprises, in agqueous
solution:

25 - copper sulphate, with a concentration of

between 0.4 and 40 mM, preferably of between 0.4 and
18 mM and more preferably of between 0.4 and 15 mM;

- a mixture of pyridine and 2,2‘'-bipyridine as
copper complexing agents;

30 - the copper/complexing agents molar ratio being

between 0.3 and 1.3; and

- the pH of the said composition being less than
7, preferably between 3.5 and 6.5.

35 8. Use of an electroplating composition according to
one of Claims 1 to 7 for coating a copper-diffusion
barrier layer in the fabrication of interconnects for

integrated circuits.



